The major, trace and REE geochemistry of glauconites (as members of the trioctahedral micas) from the early Cretaceous Kurnub Group of Jordan are discussed. The investigated glauconites, with 7.1 to 9.2% K 2 O, are ranked as evolved to highly evolved as defined by Odin and Matter (1981) . Al 2 O 3 contents show a significant inverse relationship with K 2 O and Fe 2 O 3 .
INTRODUCTION
Glauconites belong to the trioctahedral sheet silicates with a structure very similar to biotite. The glauconitic family is characterized by the minor substitution of silicon in the tetrahedral sites, the dominance of ferric iron in the octahedral sites and the great proportion of potassium as interlayer cation (Bailey, 1980) . The term glauconite in the sense of Odin and Matter (1981) is used to designate a dark green, pelletal or not, Fe-rich with K 2 O contents higher than 6% mica type mineral of marine origin, whereas the term glaucony (Odin and Matter, 1981; Odin, 1988) indicates a sediment or facies enriched in glauconitic minerals. Since all the studied samples are dark green pellets, Fe-rich with K 2 O con-
The main aims of this study are: to contribute to the geochemistry of glauconites, on the basis of major, trace and rare earth elements in particular; and to make inferences regarding factors controlling the abundance the REE in glauconites and their environment of formation. Amireh et al. (1998) conducted K-Ar dating, X-ray diffractometry and petrographic investigation on the glaucony of the early Cretaceous Kurnub Group. Evolved to highly evolved glauconites as defined by Odin and Matter (1981) were used in the investigation. The constrained age of these glauconies lies at about 96 Ma, which corresponds to the Albian. The evolved to highly evolved nature with K 2 O > 7 wt.% (Odin and Matter, 1981) of the investigated glauconites, their relative persistence throughout Jordan, prompted us to carry out this investigation on the same glauconites dated by Amireh et al. (1998) .
GEOLOGIC SETTING
The Lower Cretaceous Kurnub Group (KG) crops out in northern, central and southern Jordan (Fig. 1 ). It attains a thickness of about 220 m in the NW and in the central parts, while decreasing to about 100 m in the south (Amireh, 1993) .
The uppermost parts of the KG encompass glauconite-rich units, which will be referred to herein as the glaucony marker unit (GMU). An inner to middle shelf marine environment was concluded for the GMU (Amireh, 1997) on the basis of lithology (e.g., yellow coloured, fine crystalline dolomite-argillaceous dolomicrite, with green mudstone interbeds); sedimentary structures (e.g., extensive horizontal bedding and bioturbation); and fossil content including both body (e.g., gastropods, echinoids, and pelecypods), and trace fossils (e.g., various types of burrows). On the other hand, Amireh (1997) suggested an intertidal depositional environment for the glauconite-rich beds in lowermost parts of the A'arda and Jarash localities (Fig. 2) depending on lithology (e.g., carbonate-siliciclastic facies), and sedimentary structures (e.g., herringbone cross-bedding, flaser-wavy-lenticular stratification and oscillation ripples and bioturbation). At the time of the GMU formation during the Albian, the Tethyan Ocean was advancing from the NNW. Consequently the marine influence decreased to the SSE (Fig. 1) .
In this study, we examined glauconites from five GMU localities (A'arda, Jarash, Baqa'a, Ma'in and Karak; Figs. 1 and 2) and two glauconite-rich beds 80 m below the GMU at A'arda and 130 m above the GMU at Ras En Naqab. Amireh et al. (1998) . (Amireh et al., 1998) .
METHODOLOGY
The fresh glauconites were physically disaggregated, washed with distilled water and sieved after drying at 40°C. Chemical analysis was performed on the following size fractions: 250-315, 315-400 and 400-500 µm of each sample. These size fractions were used for K-Ar dating (Amireh et al., 1998) . The glauconites were separated from quartz, calcite and other foreign minerals using a Frantz-isodynamic magnetic separator at the laboratories of the Institut für Geowissenschaften, TU Braunschweig, Germany.
Each fraction was cleaned using 0.01N NH 4 OH and 10% formic acid following the procedure of Kreuzer et al. (1980) . Leaching experiments conducted by Stille and Clauer (1994) using H 2 O and acetic acid did not significantly affect the REE distribution patterns of the glauconites, therefore, the laboratory treatment of the analyzed glauconites should be excluded as a possible cause for the strong REE depletion of some glauconites (see geochemistry of the REE).
The cleaned glauconites were then split into heavy and light fractions using bromoform and alcohol. Finally, each fraction was examined using a binocular microscope to assure the high purity (better than 99%) of the studied glauconites.
The cleaned glauconites were analyzed for their major, trace and REE utilizing ICP-OES at the Institut für Geowissenschaften, TU Braunschweig. A 0.3 g portion of sample material was digested by a mixture of 5:4:1.5 HF, HNO 3 , and HClO 4 at 120°C in a platinum crucible for 8 hours. The acids were completely evaporated at 160°C and the residue was dissolved in 10 mL of 5 N HCl. The REE were analyzed after separation using the resin Ag50WX12 and Ag50WX8 sulphonated polystrene cation exchanger in hydrogen form following the procedure described by Zachmann (1988) . The International reference rocks (South African Reference Materials; SARM 1-6) were used to assess the accuracy of the analyses. The accuracy for the major and trace elements ranges between 2 and 7%; and 2 to 10% for the rare earth elements. The precision for the major elements on the basis of replicate analyses ranges between 0.24% for K and 0.48% for Na. The analysis of trace elements yields a precision between 0.39% for Cd and 1.01% for Pb at the 5 ppm level; while the precision in the REE analysis ranges between 0.65% for Yb and 1.6% for Ce at the 2 ppm level.
PETROGRAPHY
In thin-sections, the investigated glauconites are cryptocrystalline and consist of random aggregates of light and dark green crystallites exhibiting weak pleochroism. Occasionally, these crystallites are arranged fibroradially or exhibit the "zebra structure" which probably indicates a calcareous oolitic or a bivalve shell substrate (Amireh et al., 1998) . Moreover, relicts of phosphatic grains, biotite flakes and quartz grains have been identified as possible substrate for glauconitization. Furthermore, X-ray diffraction analysis revealed the presence of an expandable component in some of the samples. This component is mainly a mixed layer illite-smectite (Amireh et al., 1998) . The glauconite grains are set in an arenaceous (entirely consisting of detrital quartz) dolomitic and calcitic matrix in the A'arda and Ras En Naqab localities. The glauconites from the Baqa'a and Ma'in sections are embedded in a mudstone or marl. The X-ray diffraction of both rock types revealed the presence of illite and illite-smectite mixed layer clays. On the other hand, an argillaceous matrix characterizes the glauconites of the Jarash and Karak localities, which are set in a glauconitic sandstone.
On the basis of the prior discussion, a dominantly calcite and quartz substrate can be presumed for the glauconite in the A'arda and Ras En Naqab localities. Meanwhile, abundant clay minerals could have acted as a substrate for the glauconites besides calcite, dolomite, and quartz in all other localities.
GEOCHEMISTRY

Major elements
The SiO 2 content varies from 39.4 to 49.8% with an average of 45.7%. Although no correlation between silica content and locality was observed, the great majority of the heavy glauconites, excluding Ma'in, has higher silica contents than the lighter ones ( (Fig. 4) . The strong negative correlation between alumina and Fe 2 O 3 is in accordance with the predominance of Al-ferric substitutions in glauconitic minerals (e.g., Buckley et al., 1978; Ireland et al., 1983; Velde, 1985; Dasgupta et al., 1990) .
The Fe 2 O 3 content ranges between 23.74 and 28.6% and averages 27.25%. It displays a significant positive relationship with K 2 O (Fig. 4) . Such a behavior has been documented by Valeton et al. (1982) and Nishimura (1994) among many others. This relationship implies that the starting materials were transformed to evolved and highly evolved glauconite through the replacement of the octahedral Al 3+ by Fe 3+ and a concomitant fixation of K in the interlayers. Furthermore, the substitution of Al for Si in the tetrahedral sites as well as the octahedral substitution of divalent for trivalent cations contributes to the interlayer charge.
The FeO values range between 0.3 and 2.8 and Gromet et al. (1984) . The range of chemical composition of glauconite compiled from the literature (e.g., Kohler and Köster, 1976; Fleet et al., 1980; Odin and Matter, 1981; Valeton et al., 1982; Ireland et al., 1983; Odin, 1988; Nishimura, 1994; Stille and Clauer, 1994) . R.N. = Ras En Naqab. average 1.76%. The Fe 2+ /Fe 3+ ratio is about 0.07 which is extremely low compared to previous research (e.g., Ireland et al., 1983) . The heavy glauconites of the A'arda and to a less extent at other localities are consistently more evolved, and contain more iron and potassium (Table 1 and Fig. 3).
The K 2 O content varies from 7.1 to 9.2% and averages 8.26%. Accordingly, the investigated glauconites belong to the 3rd and 4th stage of the maturity scale of Birch et al. (1976) ; or they can be alternatively ranked as evolved to highly evolved (Odin and Matter, 1981) . The significant positive relationship between potassium and iron could reflect a genetic relationship between the two cations as has been suggested by Kohler (1980) and discussed above.
The values of MgO vary between 0.35 and 2.72 and average 2.1%. These are almost in accordance with the values reported in the literature which fall mainly between 1.5 and 5 wt.% (e.g., Odin and Matter, 1981; Odin, 1988; Valeton et al., 1982; Odom, 1984) . The MnO content is exceptionally high for the investigated glauconites (0.22 to 0.34 wt.%, Table 1 ). Previous research indicates concentrations only up to 500 ppm (e.g., Kohler and Köster, 1976) .
The structural formulae were calculated using the Minfile program (Afifi and Essene, 1988) on the basis of a half-unit cell of a mica structure with 10 oxygens, two hydroxyls and a total negative charge of 22. The average chemical formula of 20 glauconite bulk analyses is given below: Calculating the average chemical formulas for the heavy and light glauconites separately shows slight differences in the amounts of K, Fe 3+ , Si and Al IV . The structural formulae of the 1M glauconites, together with the tetrahedral, octahedral and interlayer charges are shown in Table 2 . All samples display a tight cluster in the hexagonal field of Kohler and Köster (1976) on the celadonite-muscovite-pyrophyllite triangular diagram (Fig. 5) .
In the tetrahedral sites, only 12% of the four sites are occupied by Al while 88% of the sites are filled with silicon and minor ferric iron. Harder (1977) suggested that Si could be partly replaced by Fe 3+ , although in the published data there was always enough Al 3+ to fill the tetrahedral sites. Mössbauer-spectroscopic investigations have also demonstrated the presence of Fe 3+ in the tetrahedral sites of the glauconites (e.g., Kohler and Köster, 1976) . Furthermore, the AIPEA (Bailey, 1980) has defined the glauconite as an Fe-rich dioctahedral mica with tetrahedral Al (or Fe 3+ ) usually greater than 0.2 atoms per formula unit and octahedral R 3+ correspondingly greater than 1.2 atoms. In the octahedral positions with two Kohler and Köster (1976) on the celadonitemuscovite-pyrophyllite triangular diagram; Symbols as in Fig. 4 Potassium is the main cation in the interlayer positions with traces of Na and Ca. The interlayer charge ranges between 0.71 and 0.95 and averages 0.82. Stille and Clauer (1994) , on the basis of their sequential leaching experiments on glauconites representing different stages of maturation, have demonstrated that both Na and Ca cations are not part of the glauconite structure; instead both elements are adsorbed on the surface of the glauconite pellets.
Trace elements
The data on trace elements Cr, Ni, Co, Sc, V, Cu, Pb, Zn, Cd, Ba, Sr, Zr, Ti, Li and B, together with their minimum, maximum and average concentrations are listed in Table 1 . The average concentrations are either similar to or lower than the glauconite and average shale data reported in the literature (Table 1 ; Gromet et al., 1984; Valeton et al., 1982; Odin and Matter, 1981; Ireland et al., 1983; Nishimura, 1994) . Notably low is the B (19 ppm) when compared to both glauconites and shales, whose average contents of B are 290 and 100 ppm, respectively (Turekian, 1972) . There are four trace elements (Cr, Li, Sr, and Zr), which display significant correlations with a large number of trace elements and with most of the REE elements (Table 3) . Cr shows positive correlations with Zn (r = 0.53), Li (r = 0.71) and Zr (r = 0.52) and negative correlations with almost all of the REE including Y. Zr displays significant negative correlation with most of the REE, which suggests that against the contribution of detrital zircon to the REE abundances in the glauconites is negligible.
The lack of consistent significant relationship between the trace and major elements indicates that trace elements are not truly structural components of the glauconite, instead they are either related to the presence of relicts of substrate in the glauconite and/or adsorbed on the surfaces of the glauconite pellets. The variation of 15 trace elements along with the variation of the major oxides are displayed as line drawings in Fig. 3 . A large variation of most of trace elements between the different samples and localities is evident in contrast to the major elements showing minor variation. On the other hand, the elements Zr, Co, Ni, Sr, and Cd display less variation in their concentrations among samples and localities.
Rare earth elements
The concentration of ∑REE in the studied glauconites shows a significant variation (i.e., a minimum of 4.5 ppm, a maximum of 564.5 ppm and an average of 112.5 ppm). Two distinct groups are differentiated: I. REE-poor group with total REE < 15 ppm which includes the A'arda, Ras En Naqab and one sample from Karak; II. REE-rich group with ∑REE up to 565 ppm. The latter group encompasses glauconites from Jarash, Baqa'a, Ma'in and Karak. The glauconites of the group I, with the exception of one sample from the Karak site, are associated with carbonates and detrital quartz while those of group II are associated and embedded in mudstone and marl (see petrography).
Noteworthy is that for each locality the heavy glauconites are REE-rich as compared to the lighter ones. The heavy glauconites mainly of group II have REE concentrations two to ten times higher than that of the light glauconites (Table1). Since the heavy glauconites contain more K and consequently are more evolved, it can be concluded, at least for the investigated glauconites, that the more evolved a glauconite, the higher its REE concentration. In spite of that, no positive correlation is observed between the REE and the K 2 O and Fe 2 O 3 which are more concentrated in the more evolved and the heavier glauconites.
The REE-poor group (Group I) displays chondrite-normalized patterns (Fig. 6 ) with weak to moderate LREE/HREE fractionation (1.2 to 8.2) and a moderate negative Eu anomaly (Eu/Eu* ≈ 0.46-0.82). The REE rich group (Group II), on the other hand, shows moderately to highly fractionated chondrite-normalized patterns with LREE/HREE ratios 3.5 to 64 but a moderate negative Eu anomaly (Eu/Eu* ≈ 0.19-0.89) which is similar to the first group. The Eu anomaly is presumably inherited from the source material (e.g., substrate) and reflects deficiency of this element in the Earth's crust, since Eh-values low enough to reduce Eu in sedimentary environments are rare (Bau and Möller, 1991) .
The REE abundances together with Y and Sc, in the studied glauconites, are normalized to the North American Shale Composite (NASC; Gromet et al., 1984) (Fig. 7) . Both groups display a hatshaped (concave downwards) pattern (La to Yb) with a strong depletion of HREE and less pronounced depletion of LREE and concentration peaks at Sm, while Y and Sc display an increasing normalized pattern towards Sc. Inspection of the NASC normalized patterns reveals the prominent trend of a general decrease of HREE/LREE ratio with the increase of ∑REE. This feature has been documented for the iron ooids and an associated glauconite (Sturesson, 1995) . The Y and Sc contents show the least variation. This shape is typical for pre-Cretaceous phosphates (Grandjean et al., 1993) . The enrichment in the middle REEs is a feature frequently observed in modern sea sediments such as; Fe-rich nodules and encrustations from the Pacific, Fe-Mn coatings from southern Atlantic ocean, and flocculent and precipitates from river water mixture with seawater (e.g., Hoyle et al., 1984) . Consequently, these patterns could have been passed to the glauconites through the substrate. This emphasizes the lithological control on the REE distribution in the investigated glauconites.
A weak Ce anomaly either with negative or positive signature is also present. Only one sample from the A'arda (No. 41) with the highest REE content from group I displays a moderate negative Ce anomaly (Ce/Ce* ~ -0.43). The Ce anomaly was calculated from the formula: Nakamura (1974) . Gromet et al. (1984) .
Fig. 6. Chondrite-normalized REE plots; REE-poor group (lower), REE-rich group (upper); normalizing values are after
Fig. 7. Shale-normalized REE, Y and Sc plots; REEpoor group (lower), REE-rich group (upper); normalizing values for the NASC are after
Ce anom = Log(3Ce n /(2La n + Nd n )) (Wright et al., 1987) . The other values fall between the two limits -0.24 and 0.16. These values are plotted on the Ce anomaly vs. Nd concentration diagram (Fig. 8) (Wright et al., 1987) . Elderfield and Pagett (1986) set the Ce anomaly division oxic and anoxic conditions, whereas Wright et al. (1987) on the basis of further evidence shifted this boundary tentatively to -0.10. Taking either boundary shows that the investigated glauconites fall at the transition between oxic and anoxic conditions. Courtois and Clauer (1980) interpreted the systematic scatter in the Ce anomaly displayed by polymetallic nodules as due to fluctuations in oxidation-reduction conditions during the nodule growth. By the same token, the Ce-anomalies documented by the investigated glauconites reflect fluctuations in Eh conditions.
DISCUSSION
Major and trace elements
The average Si 4+ and Al IV contents of the tetrahedral sites is 3.52 and 0.47 atoms per unit formula, respectively, which are around the average reported by most of the workers (e.g., Buckley et al., 1978; Odom, 1976) . In few samples, Fe 3+ was needed to fill the tetrahedral sites. The average R 3+ in the investigated glauconites is 1.64, which is slightly higher than the values reported by the previous workers (e.g., Valeton et al., 1982; Buckley et al., 1978) . The average R 2+ is 0.36, whereby Mg > Fe 2+ and Mn is also present. The studied glauconites are unique in being rich in Mn (av. 0.02 atoms per unit formula). Kautz (1964) reported MnO contents for the glauconites in the range of 0.02 and 0.03 wt.%. The NASC contains 0.06 wt.% MnO (Gromet et al., 1984;  Table 1 ). Biotite and phlogopite have comparable high contents of MnO in the range of 0.05-0.7 wt.% (Rimsaite, 1967) . Consequently, the MnO contents of the investigated glauconites are closer to magmatic phyllosilicates. In spite of this, the dominance of mica flakes as a presumable substrates is not possible, because relics of substrate of variable compositions (calcite, quartz, phosphate and clays) were reported (Amireh et al., 1998) . We believe that Mn was incorporated into the octahedral sites of the glauconites along with the Fe 2+ and both elements were derived from the underlying sediments since the glauconite grains form at the water-sediment interface (Odin and Fullagar, 1988) .
Rare earth elements
The rare earth elements are mainly supplied to the ocean as particulate material; very little of the supply is dissolved (Sholkovitz et al., 1994) . The dissolved input in the ocean is slightly enriched in the LREE and HREE relative to the intermediate REE (Martin et al., 1976) . The REE profiles in both the Atlantic and Pacific Oceans are smooth in the upper 750 m with a pronounced concentration maximum at 150 m depth. This maximum coincides with an Fe maximum and a sharp increase in Mn and Co. The depletion of the near surface waters was attributed to some degree to the scavenging of particulate ferromanganese oxides or oxide coatings on settling particles. The subsequent release of REE is attributed to the dissolution of Fe/Mn oxide phases in the oxygen minimum zone at 150 m and may lead to the REE Wright et al. (1987) . maximum concentration (Sholkovitz et al., 1994) .
Fig. 8. Plot of Ce anomaly versus Nd concentrations; REE-poor group (open diamonds), REE-rich group (filled diamonds); the dividing line between anoxic and oxic is after
Glauconite forms only where sediments reside for lengthy periods of time at the interface between the oxidizing and reducing environments, where Fe 3+ is transiently available as Fe 2+ in solution (Ireland et al., 1983) . Likewise the REE became abundant after dissolution and get adsorbed on the glauconite grains during their growth, and thereby became part of the glauconite grains though they are not occupying specific structural sites in the glauconites. In the studied glauconite, enrichment of the LREE and the moderate negative Eu anomaly reflect their relative abundance in the crust (Goldschmidt, 1954) , which has been possibly transformed to the glauconites through their precursors (substrate minerals), while depletion of the HREE is due to their ability to form soluble complexes in seawater (e.g., Goldberg et al., 1963) . The REE have been, to a large extent, diagenetically incorporated into the glauconite grains.
As previously discussed, the investigated glauconites may have been formed in an inner shelf marine environment. This roughly coincides with the range of the optimal depth of glauconite formation -150 to -300 depth (Odin and Fullagar, 1988) . The formation of the investigated glauconite, or at least group II, in the inner shelf marine environment would fall close to the pronounced concentration maximum of the Fe, Mn, and REE in the sea water. Furthermore, the depth of formation of the REE-rich glauconites could have coincided with the pronounced maximum of REE contents in seawater at about 150 meters, while the glauconites of the REE-poor group could have been formed below or above this depth of maximum REE abundance. The samples from A'arda locality were formed under the greatest marine influence among all localities. If a water depth control is assumed, one should expect a systematic increase or decrease in the REE abundances going from NNW to SSE (Fig. 1) following the decreasing marine influence. Since such a trend has not been found in the investigated glauconite, their REE abundances can not be explained solely by a water depth control.
The REE-poor glauconites (i.e., group I) are associated with arenaceous dolomites (i.e., carbonates rich in detrital quartz) whereas the REE-rich glauconites (i.e., group II) are associated with mudstone, marl and argillaceous lithologies (i.e., rich in clay minerals). Fleet et al. (1980) concluded that the REE in the glauconites were supplied by lithogenous material and the contribution of seawater was minimum. In the course of their investigation on the surface sediments of the Indian Ocean, Pattan et al. (1995) found that the calcareous oozes have the lowest REE abundances (9.7-61.5 ppm) whereas the siliceous oozes show moderate concentrations of REE (96-250 ppm) and the red clays have the highest concentrations (220-750 ppm). We believe that the lithological association of the investigated glauconites could be one of the main reasons for the distinct differences in the REE concentrations in both groups since both groups were formed in an inner shelf marine environment and the effect of seawater on the REE concentrations was negligible. For REE abundances in the Japan sea sediments, Murray et al. (1991) reported the strong correlation between the ∑REE and the aluminosilicate phases, i.e., clay minerals, and the negative correlation with the silica indicating the effect of quartz dilution. Furthermore, they reported the positive correlation between the ∑REE and the Cr, Rb, Y and Zr. In the investigated glauconites in contrast, Zr and Cr display significant negative correlations with the ∑REE. Therefore, the impurities of detrital zircon should be excluded as a possible source of REE in the investigated glauconites. The association of the REE-rich glauconites with mudstone, marl and argillaceous material, which are enriched in clay minerals that could have acted as substrate for glauconitization, might explain their high contents of REE in the light of results obtained by Murray et al. (1991) . Abed and Abu Murry (1997) investigated the REE geochemistry of Upper Cretaceous phosphorites in Jordan and reported a slight regional control on the ∑REE (45 to 451 ppm) and the magnitude of the Ce-anomaly. The phosphorites from north and central Jordan which record stronger marine influence have higher REE abundances (average shale normalized abundancẽ 2.5-3) and stronger negative Ce-anomalies (-0.97 to -1.10) than the phosphorites in EshShidiya basin in south Jordan (average shale-normalized abundance ~ 1.13; Ce anomaly = -0.84) far away from the sea and proximal to the Arabian-Nubian Shield. This regional control over the REE abundances was not recorded for the investigated glauconites. Abed and Abu Murry (1997) indicated that the REE geochemistry of the phosphorites was to a large extent affected by the sea water chemistry, compared those of the investigated glauconites whose REE were dominantly controlled by the host sediment lithology.
SUMMARY AND CONCLUSIONS
1. The studied glauconites are evolved to highly evolved with K 2 O contents of 7.1 to 9.2% and show a significant relationship between alumina, K 2 O and Fe 2 O 3 , which implies a strong genetic relationship between these cations as has been suggested by many investigators. Furthermore, a consistent relationship between major elements and trace elements chemistry is missing.
2. The abundance of REE in the glauconites is mainly controlled by the associated lithology, although water depth could have played a minor role as well. The glauconites associated with clay rich sediments (mudstone, marl, argillaceous matrix) display the highest concentrations whereas those associating arenaceous dolomites show the lowest abundances. In all of the cases, the heavy and more evolved glauconites display higher REE abundances: two to ten times higher than the lighter and less evolved glauconites. Consequently the maturity of glauconites is a main factor which controls the enrichment of REE in this authigenic mineral.
3. The glauconites display hat-shaped REE NASC-normalized patterns similar to those observed in the pre-Cretaceous phosphates and other authigenic marine minerals. The amplitude of the Ce anomaly (-0.43 to 0.16) indicates glauconite formation at the boundary between oxic and anoxic conditions while the observed negative Eu anomaly is inherited from the crustal source rocks.
